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Problem Set 1

Q1. Find the voltage source equivalent and current source equivalent circuits for the following circuits
between the nodes A and B. Use I, for the short circuit output current, V,. for the open circuit
output voltage and Ry, for the output resistance.

(a)
2V
* =+ | A
2A 3Q 6
B
62 L
Solution

DO S~

Using source transformation:

30 5

—3x2=-=6 6Q v,

62

Simplifying Voltage source and resistor in series:
90

* oA
+
V, = —6—2=-8 692 v,

Then, we calculate: V, = —(Ry % I5) — V1 = —((3) % (2)) — (2) = -8V
Voe = Vo * (R3)/(R3 + R1 + Ra) = (=8) = ((6))/((6) + (3) + (6)) = =32V
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Ry = Rs||Ry + Ry = (6)]|(3) + (6) = 3.6Q
Ise = Vio/ Ry, = (—3.2)/(3.6) = —0.8889 A

(b)
Solution
vir G X vy W\, oA n
10V —_, Voc
10V _
——A B

We calculate: Voo = Vo = (10) =10V
Ry, = 1/Gy = 1/(0.125) = 8Q
I;e = Oc/Rth = (10)/(8) =125A

()
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Solution

KVL:
—Vi+uv: +Gov, Ry =0

vy = V3/(Gax Ry — 1) = (24)/((1.33) * (3) — 1) = 8.027V

Voe = —V3 + (Ry + Rs5) * Go x v, = —(24) + ((3) + (6)) * (1.33) x (8.027) = 72.08 V

Ry Rs
3Q 62 s
—Wy ==l
+
Vg GQU:E ‘/;f

x—W*R4/(R4+R5) (1) *(3)/((3) + (6)) =0.3333V
se = Vg /R4 — Ga x v, = (0.3333)/(3) — (1.33) % (0.3333) = —0.3322 A
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Ryp = Vi I = (1)/(—0.3322) = —3.019Q

Q2. An NMOS transistor that is operated with a small vpg is found to exhibit a resistance rpg. By
what factor will 7pg change in each of the following situations?

(a) Overdrive is multiplied by a factor of 2.

(b) The device is replaced with another fabricated in the same technology but width multiplied by a
factor of 2.

(¢) The device is replaced with another fabricated in the same technology but with both the width
and length are multiplied by a factor of 2.

(d) The device is replaced with another fabricated in a more advanced technology for which the oxide
thickness is multiplied by a factor of 0.5 and both W and L are each multiplied by a factor of 0.5
(assume p,, remains unchanged).

Solution

With Vpg small compared to Vi, The drain to source resistance rpg can be approximated with

1
N ,UnCom(W/L)VOV

DS

(a) If V{5, =2Vov, then g =7ps/2 .

(b) If W' =2W, then g =7ps/2 .

(c) If W' =2W and L' =2L, then rp,g =7ps .

(d) If oxide thickness t/, =0.5ty, then Cop = €4y /tor is multiplied by a factor of 2. If W and L are
scaled by the same factor, then rjpg =1rpgs/0.5 .

Q3. An NMOS transistor with k, = 1mA/V? and V; = 1V is operated with Vg =2.5 V. At what value
of Vpg does the transistor enter the saturation region? What value of Ip is obtained in saturation?

Solution

Vov =Vgs -V, =(25)—(1) =15V

The minimum drain to source voltage to keep the device in saturation is:
Vpsar = Voy = (1.5) = 1.5V

In Saturation, the Drain current is:

Ip =0.5%ky+ V3, = 0.5 (le — 3) x (1.5)2 = 1.125mA

Q4. With the knowledge that p, ~ 0.4 j1,,, what must be the relative width of n-channel and p-channel
devices if they are to have equal drain currents when operated in the saturation mode with overdrive
voltages of the same magnitude?

Solution
ip = 2k, W(Vas — Vin)?, where k], = p,Cox.

for equal drain currents:
W,
,unCOx—VZ" = ppCox—2 = Wy = ppyWy = Wy /Wy = pn/p1p = 2.5

Q5. An NMOS transistor is fabricated in a 0.8-um process having k!, = 130 pA/V? and V) = 20 V/um
of channel length. If L = 1.6 yum and W = 16 ym, find V4 and A. Find the value of Ip that results
when the device is operated with an overdrive voltage of 0.5V and Vpg = 2V. Also, find the value
of r, at this operating point. If Vpg is increased by 1V, what is the corresponding change in Ip?
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Solution

Va=V)L =32V

A= (31.25¢ — 3)V !

Vps =2V >V, = 0.5V = Saturation
ip=05%k,«W/L*V2 =162.5puA

ro = Va/ip = (32)/(162.5¢ — 6) = 196.9kQ= 5725 = 1 = Aip = 5.078 uA

Q6. A p-channel transistor for which |V;| = 1V and |V4| = 50V operates in saturation with |[Vgg| =3V,
|[Vps| = 4V, ip = 3mA. Find the corresponding signed values for Vs, Vsa, Vbs, Vsp, Vi, A, and

k‘lg(W/L)
Solution
Vsa =3V
Vos = -3V
Vep =4V
Vps = —4V
Vi=-1V

A=1/V4=1/(50) =20mV~!

ip = 1/2]{2;)%(‘/@5 — ‘/;5)2(1 + )\VDS)
= 3e — 3 =1/2k), (=3 — (=1))%(1 + 20e — 3(—4))
= k% =1.389mA/V?

Q7. For the NMOS amplifier below, replace the transistor with its T equivalent circuit, assuming A = 0.
Derive the expressions for the voltage gains v, /v; and vg/v;.

VDD

Solution
The equivalent T model is:
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9V, s R

1/g'nL

A=0=r,=00

Vi = gmYgs (gim + RS)
Vg = _gmvgsRD

Vs = gmvgsRS

Note the voltage divider:

Vs — Rs — gm RS ~
vi ~ 1/gm+Rs = 1+gmRs
bd R _ —gmQRBp

_ D —
vi  1/gm+Rsg 1+gmRs



